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© A direct optical connector (DOC) comprised of 
first (201) and second members, each Including a 
plurality of light omitting (202. 204) and fight detect- 
ing (205, 203) locations, operative in combination 
wilh energy transfer media (210) to form direct op- 
tical connections between the Hrjht omitting locations 
(202, 204) and the light dotocUng (203, 205) loca- 
tions, whorein said first (201) and second members 
are adapted for reclosable connection to each other 
whereupon the light emitting locations (202) on one 
member are aligned wlih the light dotocUng locations 
(205) on the other member. The first (201) and 
second mom bars of the preferred DOC aro modular. 
AIiBmallvo forms of cnorgy transfer media (210) are 



used in various embodiments of the Invention Includ- 
ing lenslet arrays. Imaging fiber plates (IFPs). and 
enorgy transfer fiber plates (ETFPa), These media 
have differing alignment crlloria. differing degrees of 
Immunity from crosstalk, differing degrees of transfor 
otridency, different manufacturing costs. etc., there- 
by permitting the fabrication ond/or uso of a connec- 
tor most suited to moot the requirements of a par- 
ticular application* A modular half of a DOC can be 
used in conjunction with a remote optical connector 
(ROC) to channel light aver relatively long distances. 
Tho Invention also encompasses processes for 
fabricating ROCs. 
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The invontion rotates generally to electro-op- 
tical connectors. More partlculary, the Invontion re- 
lates to new interconnect structures, and tech- 
niques lor fabricating those structures, which chan- 
nel Hght from a plurality of light omitting locations 
to a plurality or light detecting locations, using ono 
of several different onergy transfer media for pur- 
poses of electronic data communication. The al- 
ternate embodiments of tho energy transfer media 
have differing alignment criteria for the light sour- 
cos, detectors end the media Itself, provide d flier- 
ing amounts of Immunity to crosstalk, immunity to 
transmission losses, etc. which allow particular 
media lo bo choson based on application require- 
ments. 

Increasing input-output count requirements 
have produced demands for connectors which re- 
quire less area, offer reduced electromagnetic in- 
terference (EMI), are reliable end Inexpensive. Dif- 
ferent applications for the connectors also require 
supporting a variety of differing data rates, accept- 
able transmission toss criteria, levels of Immunity 
to crosstalk, etc. 

ft Is bocomlng increasingly difficult to meet 
these demand? using conventional pln-in-hole con- 
necters, where contact to adjacent contact a pac- 
ings of Iocs than so lo 100 mils are hard to 
achieve. 

Furthermore, electromechanical connectors re- 
quire a high contact force in order to break through 
the metal oxido on the connector surface. Where 
high-density Interconnections are needed this con- 
tact forco requirement becomes a serious problem 
whose solution requires the application or pressure 
to each pin of the connector through mechanical or 
hydraulic devices which transmit the requisite force 
to each of tho connector pins. This greatly In- 
creases the size, complexity and cost of the Inter- 
connect 

In addition to these physical constraints, the 
olectrical cheracterlsilcs or pin-ln-hole connectors 
produce undesirable sldo offects. In particular, solf- 
inductonce and parasitic capacitances between tho 
various pins in the connector aro problems. The 
inductances associated ■ with those connectors 
broadcast electromagnetic waves, thus causing 
EMI which is known to vary in magnitude as l.di/dl, 
where L is the Inductance of tho connector and 
di/dt is the rate of change of the currant through 
the connector over time. 

It has long been known that EMI associated 
with tho inductance of these connectors will grow 
much worse as tho clock rates of very large scale 
integrated (VLSI) devices {hence di/dt) increase. As 
it Is already difficult lo meet FCC standards with 
current levels of EMI, 1hfc problem will become 
quilo serious as added burdens aro placed on 
conventional pin-in-holo technology. 



Still further, the aforementioned capacitances, 
which exist between dirforont pins on a typical 
connector, cause electrical crosstalk, i.e., Iho mix- 
ing of the signals on one pin of tho connoctor with 

5 the signals on other pins of the connector. This 
capacMvely coupled crosstalk Is exacerbated as 
clock rales increase, which is another koy concern 
for future VLSI designs. 

Electro-optical solutions to thoso probloms 

70 would offer consldarably greater contact density at 
relatively low cost. Low EMI is an Inherent char- 
acteristic or optical coupling which will roduco 
noise. Contact forco roqulrementa associated with 
electromechanical connectors Could be eliminated. 

ts Various levels of crosstalk Immunity could bo 
achieved as a function of the particular energy 
transfer media used to couple to tho light emitting 
and light delecting locations, etc* 

Accordingly, it would be deslrabre to be able to 

20 use electro-optical connectors employing energy 
transfer medio (e.g., tight Imaging elements) most 
soiled to the alignment constraints, density, cros- 
stalk immunity, speed, transmission efficiency, olc. 
of a given application. 

26 Furthermore, It would bo doslrabto to be able 

to employ oloctro-optical connectors using the 
aforementioned energy transfer media for both di- 
rect optical connections. l.o M over short distances 
of, for example, on the order of approximately 1 

30 cm; and for remote optical con noc lions ovor rela- 
tively long distances, tor exampio. sovoral motors 
or more. 

SHII further, It would bo dosirable to be able to 
construct and utilize flexible fiber bundles lor carry- 
ss Ing optical signals between remote locations, where 
tho individual fibers of a bundle can be easily 
aligned and attached to whatever Hght imaging 
element is used In the Otoctro-optlca] connector. 

It is an object of the Invention to provide 
40 eJecto-optlcal connectors which accommodate high 
density applications, i.e., input-output densities not 
readily achievable utilizing conventional pin-in-holo 
connector technology. 

It is a further object of tho invention to provide 
45 alternate energy irons lor media for use In the 
aforementioned olocto-opMcaJ connectors to ac- 
commodalo a wide range of alignment roqulro- 
monls. crosstalk immunity roqulromems, etc, de- 
ponding on the needs or tho application in which 
so the connectors (and media) are lo be used. 

It is still a further object of the invention to 
provide both direct and remote optical connoctors 
which utilize the various connector and media type 
combinations taught heroin and to provide boih 
ss methods and apparatus lor fabricating the con- 
templated connectors. 

According to a preferred embodiment of the 
invention, the Interconnect structure lor a direct 
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□pUcaf connoclor (DOC), lor making optical con- 
necllons ovor relatively short distances (e.g.. 1 cm 
or less), comprisoo a first end second member, 
each having a plurality of light omitting and light 
detecting locations. Each mem b Br operates in com- 
bination wilh an energy-transfer medium. I.e., 
means Tor channelling light from tho light emitting 
locations to tho light detecting locations, where tho 
first and second members ore adapted for re- 
cusable connection to each other and where the 
light emitting locations on one member are sub- 
stantially aligned with tho fight delecting locations 
on tho other member. The aforementioned first and 
second members of the preferred POC are modu- 
lar. 

According to onolhor aspect of the Invention, a 
modular half of the interconnect structure (DOC) 
outlined hereinabove, can be used In conjunction 
Willi olhor structures which permit light to be chan- 
neled over realUvely long distances* e.g.. several 
motors or more. An example of such olhor struc- 
tures Includes a flexible fiber bundle and moans for 
coupling Die bundle to a modular half of a DOC. 
Tho so olhor structures are referred to hereinafter 
as re mo to optical connectors (ROCs). 

furthermore, according to alternative. Illustra- 
tivo embodiments of the invention sot forth 
hereinafter, the energy transfer media em ploy od in 
a DOC (or modular half of a DOC) Is either (1) a 
lenslet array (with air as tho propagation medium), 
(2) an imaging fiber pi ale (IFP). consisting of small 
(approximately 3-10 micrometers In diameter) op- 
tical fibers, or (3) an energy-transfer fiber plate 
(ETFF 3 ). comprised of appropriately spaced 
waveguides of cross section size commensurate 
with those of the LEDs and detector areas, which 
although requiring alignment of the Intermediate 
energy transfer medium may allow higher transfer 
efficiency and will assuro freedom from crosstalk. 

A detailed discussion of the relative merit of 
utilizing each of the aforementioned media In a 
DOC and/or DOC-ROC combination, will bo set 
forth hereinafter. Those skilled In tho art will readily 
appreciate that each or these modla have differing 
alignment criteria, differing degrees of Immunity 
from crosstalk, differing degrees of transfer effi- 
ciency, manufacturing cost differences, etc.. which 
allow tho designer to fabricate and/or use tho con- 
nector most suited to moot a particular application 
need. 

Still further, according to the Invention, pro- 
cesses for fabricating ROCs are sot forth. One 
process calls for making a ROC out of a flexible 
array of fibers which Is held rigidly at each end of 
tho bundle by, for example, an ondplalo. The pro- 
cess involves aligning of tho array or fibers with the 
light emitting and light delecting locations In the 
connectors mating with each end of ihe ROC. The 



process comprises tho slaps or (1) punching an 
ondplale lor the ROC to provide locating holes Into 
which the fibers can bo Inserted; (2) Inserting the 
fibers Into the locating holes; and (3) holding tho 

s fibers In place to form on endplate where the fibers 
are aligned with the light emitting and light detect- 
ing locations In the device to which tho ROC is to 
bo connected. 

Tho ROC can bo made flexible by suitably 

to packaging Ihe fibers, e.g.. In a polymeric sleeve, 
after assembly of the endplales. 

Tho invention foaturos a variety of electo-op- 
Ileal connections thai are suitable lor a variety or 
applications, e.g.. connections for applications 

rs which can tolerate having to align the imaging 
elements to obtain virtually no crosstalk; applica- 
tions where alignment of tho Imaging element can- 
not bo toloratod, otc. Tho Invention also features an 
easy to uso method for fabricating ROCs for use In 

20 conjunction with any of tho modular DOCs de- 
scribed herein. 

It is noted thai it is necessary to transmit DC 
power across the Interfaces of most conventional 
pin-ln-hole electronic connectors, In addition to tho 

23 electronic data communication which Is also carried 
by such connectors. The DOCs and ROCs dis- 
cussed hereinafter are designed to carry electronic 
data and not power, but It is obvious to those 
skilled In the art that these DOCs and ROCs can 

so also contain conventional metal conductors In addi- 
tion to their optical pathways, go that DC power can 
be iransmliied also, and that the normal plugging- 
and unplugging operation can be carried out as 



as The aforestated and other objects and features 

or the present Invention, and tho manner or obtain- 
ing thorn, will bocomo apparent to those sldllod in 
tho art, and tho invention Itsolf will bo bosl under- 
stood by reference to tho following detailed do- 

40 scrlptlon road In conjunction with tho accompany- 
ing Drawing. 

Ways of carrying Out the invention ore described in 
detail below with reference to drawings showing 
only specific embodiments in which: 

43 FIG. 1 illustrates the Inductance (L) and capaci- 
tance (C) associated wilh pin-in-hale and edge 
card connectors (electromechanical connectors) 
which give rise to both EMI and crosstalk. 
FIG. 2 depicts a generalized layout for one 

so ombocfimont of tho invention wherein a direct 
optical connector (DOC) is shown using a lenelot 
array as an energy transfer medium. 
FIG. 3 depicts tho top and bottom hair of a DOC 
of the type laid out In FIG. 2. where each half of 

65 tho DOC Is bonded to one of two plano-convex 
lenslet arrays of a lenslet doublet. Tho piano of 
separation of tho DOC during unplugging Is the 
Interface between the arrays. 
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FlGs. 4A and 4B Illustrate Ihe misalignment tol- 
eranco of a symmetric DOC having half oi a 
lenslot doublet bonded lo each connoctor hall. 
FIG. 5 depicts a remote optical connector 
(ROC) which may be plugged inlo a DOC to 
facilitate remote Interconnections. 
FIG. ^.depicts an embodiment or the invonllan 
In which oacn half of a DOC utilizes an Imaging 
fiber plate (IFP) as an energy transfer medium. 
FIG. ^depicts an embodiment of the invention 
In which each half of a DOC utilizes an energy 
transfer, fiber plalo (ETFP) as an energy transfer 
medium. 

FIG. 6 deplete a locating plate which, according 
to one aspect of tho invention, may bo usad lo 
attach optical fibers after aligning them with tho 
light Imaging elements, such as lenslots. IFPs or 
ETFPs. in DOCs fabricated in accordance with 
tho teachings set forth hereinafter. 
As indicated hereinbefore, EMI and crosstalk 
problems arise from the electrical characteristics of 
pin-in-hole and edgo card connectors, namely solf- 
Inductance and parasitic capacitances bolween Ihe 
various pins In the connector. 

FIG. 1 illustrates the Inductance (L) and the 
capacitance (C) associated with a sorios of pins, 
whoro the. pins are labeled 1. 2 and 3, and their 
rospcctive.mallng pins are labeled V, 2' and 3'. An 
electromechanical connoctor is depicted In FIG. 1 
in the form of an equivalent circuit where L1.L2.t3 
and C1. -.C2. C3, are the respective Inductances 
and capacitances associated with Ihe series of pins 
shown. 

The Inductances associated with electrome- 
chanical connectors of tho type depicted In FIG. 1 
broadcast EMI which, as Indicated hereinbefore, 
intensifies as tho clock rata of a device (o.rj., a 
VSLI device) increases. The capadlancos cause 
eloctrical crosstalk. 

The mechanical force problems described 
herelnborcro compound the problems associated 
with electromechanical connectors. 

According to the Invention, one solution to 
these problems Is to roplace these mechanical 
connectors with optical transmitter-receiver pairs, 
thoroby eliminating the inductance, capacitance, 
and mechanical force problems. 

FIG. 2 depicts a generalized layout for one 
embodiment of tho invention wherein a two part 
diroct optical connector (DOC) is shown comprising 
juxtaposed LEDs, lenslets and detectors. These 
components aro aligned In the connector co that an 
optical communications channel Is formed by each 
associated LED, lensleL and detector. Light from 
each LED Is efficiently imaged on a corresponding 
detoctor via a lenslet; the propagation medium is 
simply air In the depicted DOC. 

For the sake of illustration only, the DOC con- 



templated by the invention will be explained In 
terms of card-to-board Interconnections. Those 
skillod In tho art will readily appreciate that other 
applications for DOCs exist, e.g., Tor smart cards. 

3 for module-to-board Interconnections, otc. and that 
tho illustrative description is not meant in any way 
to limit the scopo or spirit of the invention. 

Referring again to FIG. 2, the bottom half of the 
novel connoctor, labeled 201 , can, according to ihe 

10 Illustrative embodiment of the Invention, be moun- 
ted on a board. Connector half 201 Is shown to 
contain LED chip 202 and detector chip 203 for 
respectively transmitting and receiving data. Tho 
lop half of the detoctor which, for oxamplo. can bo 

is mounted on a card, contains chips 204 and 205 
that are Identical to chips 202 and 203 respectively. 
Howevor. tho chips ore switched in position so as 
to form the depicted receive and transmit pairs. 
Interposed between the LED-doloctor pairs is a 

23 lenslot array, array 210. designed to focus light 
emitted from the LED onto the appropriate detec- 
tor. Lanafet array 210 acts not only to increase 
optical transmission efficiency, but also serves to 
limit tho largo beam spread of each LED so that 

25 Intorchannol crosstalk Is suppressed. In an embodi- 
ment further .refined to more strongly suppress 
crosstalk, e.g., stray light, suitably constructed, and 
possibly multiple, aperture arrays aro Included In 
the structure betwoon tho LED. and/or between 

op (212) the lenslet pair. 

Upon unplugging tho DOC, the lenslet array 
may be carried by either the upper or lower half or 
the connector. Alternatively, according to a pro- 
forrod embodiment of the invention, the Imaging 

as component may consist of two lonsiet arrays, each 
of which Is carried by a connector half. This later 
arrangment would facilitato tho manufacturing of 
modular connector halves. Furthermore, it is noted 
that tho lenslot arrays act lo protect the delicate 

do transmitting and receiving chips from damage by 
external forces, and also to complete a hormettc 
seal to protect tho chips from the ambient at- 
mosphere. 

The LED arrays depicted In FIG. 2 (on chips 
46 202 and 204) can be fabricated using high output- 
power, high spaed, reliable LEDs which aro com- 
mercially available. For example, LED arrays are 
typically used in ihe field of prlntheads designod 
for electrophotographic (EP) printing. Ono ombodl- 
sa ment of tho invention contemplates utilizing GaAs 
LED array devices which are reliable and inexpen- 
sive. 

The lenslets themselves should bo designed to 
provide tho maximum efficiency of transfer of light 
ss from the LEDs to the detectors. Assuming that lha 
LED Is an ideal Lambortlan source, tho fraction n of 
its emitted power which Is accepted Into a lenslet 
and Imaged on a detector is governed by tho 
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numerical aperture (NA) of tho lenslet according to 
the approximate formula: n = (NA) 2 . 

The lenslets in the array should thus have tho 
highest practical NA values. In addition Ihoy should 
be as aberration free as possible, havo nearly 
identical characteristics, and bo accurately posi- 
tioned. Tlie matrix botween the lonstfels should be 
opaque and reflections al Interfaces should be 
minimized In ordor to reduco Lnterchannel cros- 
stalk. 

Several difforont techniques For making lenslat 
arrays are known. Polymer shoots have been em- 
bossed or molded to form lenslet arrays. Tho most 
widely used lenslet arrays designed lor EP applica- 
tions Involve graded Index (GRIN) lenslet? In glass. 
An alternative proposal Is based on the transition 
upon healing of an array or small, lithographically 
donned photoresist cylinders Into hemispheres 
(because of surface tension effects). Still another 
approach involves the use of phase reversal Fres- 
nel zeno plates which are also lithographically de- 
fined. 

Lenslet arrays made using a recently devel- 
oped photolytlc technique have boon found to ox- 
hiblt good quality for DOC applications. Tho afore- 
mentioned photolytlc technlquo Is described in vol* 
ume 24. pp 2520-2525 or Applied Optics (1flB5) 
and volume 27, pp 478-470 of Appllod Optics 
(19BB), These publications are hereby Incorporated 
by reference. 

According lo the photolyllc technique for mak- 
ing a lenslet array, photosensitive glass is exposed 
to tight in the area outside the regions correspond- 
ing to the lenslets. The glass is thon heated, which 
onuses physical contraction of tho exposed area 
and corresponding expansion of the unexposed 
(lenslet) regions; surface tension defines tlie lenslot 
shape. This process also renders tho matrix region 
outside or the lenslets opaque, thereby helping to 
roduce InLerchannol crosstalk. 

The NA or such lenslets Is limited by the radius 
of curvature attainable by the fabrication process. 
To Improve the offectlve NA. a doublet array may 
be used. Such an array Is commercially availale 
from Corning Glass Works and consists of two 
plano-convox lenslet arrays with their planar sides 
cemented together. Such a lenslet array Is particu- 
larly useful for tho DOC, since the object (LED) and 
Imago (detector) are about tho same size so that 
1:1 Imaging may bo used. In that case the LED and 
detector aro each placed a focal length away from 
opposite faces of the lenslot array. Tho light 
emerging from the doublet half adjacent to the LED 
is theroby collimatod, then enters the doublet half 
adjacent to the detector where it is refocusod. 

According to a preferrod embodiment of tho 
Invention suggested hereinbefore (i.e., an embodi- 
ment whore each half of tlie DOC carries a lenslet 
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array), such a doublet may be advantageously 
used for the DOC If Uio two lenslet arrays are left 
uncemenled as shown In FIG. 3. Here both the top 
and bottom halves of the DOC, shown as 301 and 
s 302 respectively, are each bonded to lenslet arrays 
304 and 305 respectively, so Hint Iho plane of 
soparailon of the DOC during unplugging Is the 
interface botween the two arrays. This symmetric 
arrangement Is advantageous because; (1) hermet- 
10 Ic sealing is provided by tlie lenslet arrays them- 
selves, without necessitating another component: 
(2) the effects or misalignment or the two halves or 
the connector during replugging are minimized be- 
cause such misalignment will not causo a displace- 
is mont or tho Imago or the LED. but will merely 
result In vignetting (which Is explained In mora 
' detail horoinaitor wllh reference to FIG. 4); (3) the 
dlamoter of tho light bundle at the separation plane 
or the DOC is larger than that given by other 
20 arrangements, thoreby minimizing the signal reduc- 
ing efrocls of dust accumulations on the exposed 
DOC surface; and (4) the symmetric arrangement 
gives complete modularity to the two DOC halves, 
and hence results In a lower total cost 
35 FIG. 3 goos on to show that, according to a 

preferred embodiment of tho Invention, oach modu- 
lar half of the DOC comprises, a support, o.g., 
support 320; a detector chip, e.g., chip 203; an 
LED chip, e.g., chip 202; and hair of a doublet 
?p lensfet array, like array 305. The gap botwoon tho 
halves depleted In FIG. 3 Is 'exaggerated to show 
the plane of separation between the modular units. 

Lenslets 304 and 305 or FlG. 3 must be 
aligned to each other and to tho light omitting and 
as delecting elements In ordor tor tho DOC to operate 
properly. A DOC of tho typo depicted In FIG. 3 
effectively requires a throo stage alignment pro- 
cess, I.e., aligning the lenslets to oach other and to 
the emitting and detecting olomonts. This proce- 
ss dure can be reduced to a one stage process In an 
alternative embodiment of the invention to be de- 
scribed hereinafter. It will bo soon, with reference 
to this alter native embodiment (wherein Ihe lenslet 
arrays are replaced wilh IFPs) that the energy 
43 transfer media (Iho IFPs) do not have to be aligned 
to obtain a funcUonaJ connector. 

In order to improve packing density and reduce 
cast of tho DOC depicted In FIG. 3, It Is desirable 
to Integrate tho dolocler and a preamplifier to form 
so a 'receiver" array. An additional benefit of such 
integration Is high noise Immunity at the detector- 
preamplifier circuit This integration has been 
achieved using GaAs MESFET technology wilh 
very little modification of the baslo MESFET pre- 
ss cess as described in volumo 7 of Electron Device 
Letters, pp 600-602 (19B6) and In the proceedings 
of the Picosecond Electronics Oploefectronlcs Con- 
ference, p 110 (1907). Those publications are hBro- 
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by incorporated by reference. 

As tor channel spacing, the connector pilch 
currently achiovablo using a lenslet array is ap- 
proximately 250 micromotors, Howover, as the 
pi tcli deceases the potential for crosstalk Increases. 
For lenslets with a NumaricaJ Aperture (NA) of 0.2 
used with * dotoclor 70 urn wide, a pitch on Iho 
order of : 500 um Is required to reduce optical 
crosstalk to an acceptable level. Crosstalk potential 
also incroasos with higher throughput lenses. Obvi- 
ously* many ditforonk arrays can be constructed to 
meet sped He application noods. For example, 
achieving a 200-250 um period in the arrays to 
allow an Interface with standard optical fibers (or 
remote connectors, Is possible with a level of cros- 
stalk thai Is acceptable for many applications. 

Good alignment or the DOC Is also required lor 
producing an adequate signal- The alignment re- 
quirements can be met boUi In Uio manufacture 
and operation of the DOC assuming the use of the 
embodiment of the Invention discussed 
hereinabove w i m reference to FIG. 3. Only a 5% 
losa In signal Is suflored when tho LED Is trans- 
lated 25 um with respect to Iho lonslet: LED-to- 
lenslet array and lonslot array-lo- receiver align- 
ment, to within plus or minus 25 um tolorance, con 
be achieved utilizing pro son t day manufacturing 
techniques. Alignment by tho usor (plugging) to 
within the.samo toloranco can bo realized with the 
aid of appropriate insertion-guide pins. In this case 
misalignment within a plus or minus 25 micron 
tolerance- should result in loss of signal no greater 
than 10-15%, based on the vignetting concept ex- 
plained immediately henelnallor wllh rolorcnco to 
FIG. 4A and 4B. 

FIGs. 4A and 4B doplct tho misalignment toler- 
ance or a symmetric DOC with half of a lenslet 
doublol bonded to each connector half, compared 
with the misalignment toloranco of embodiments or 
the invention having a lenslet totally attached to 
one half (e.g., the bottom half) of a DOG. 

In FIQ. 4A t lonslet doublet 401 Is shown at- 
tached to the bottom half of a DOC. Detector 402. 
also on the bottom half of. the DOC. Is also de- 
pleted In FIG. 4A. Dotcctor 402 does not receive 
any of tho light from LED 403 located on the top 
half of Uie DOC. This is because the top and 
hotlom half of the DOC are misaligned. 

In FIG. 4B, however, the same mlsaDgnmont 
between tfte two halves of tho DOC exists and the 
effects of vignetting can be observed. Tho connec- 
tor in FIG. 4B is able to channel light from the LED 
to the delector. The net result is increased misalig- 
nment tolerance using the approach depicted In 
FIG 4B (half ol a lanslBt doublet, depicted as 401a 
and 401b in FIG. 4B, ponded to each connector 
half) versus the approach depicted in FIG. 4A. 

Since each half of tho preferred DOC shown in 



F1Q. 3 Is identical, advantage may bo taken of this 
modularity to make a remote optical connector 
(ROC). As indicated hrcinboforo, tho ROC is a fiber 
optic connector which, it dosirod, may ba plugged 
s Into a DOC half to facilitate making a remote Inter- 
connection when needed. This is illustrated In FIG. 

5. 

FIG. 5 depicts half of a DOC, unit 501, having 
an LED chip 502 and a detector chip 503 sup- 
ra portod by base 504. A lonsJet array, 505. Is shown 
caniod as part of DOC 501. A portion of a remote 
optical connector. 506. is shown comprised of an 
endplate. 507. for aligning and holding In place 
each of tho depleted fibers of a multimode fiber 
75 optic cable, o.g.. fiber 550, 551 . otc, ovor a lonslet 
and light omitting (or detecting) olomont in DOC 
501. 

Utilizing this concept, eny DOC hajf e.g., on e 
card or board, could be plugged either directly Into 
so its mating counterpart on a corresponding board or 
card, or alternatively Into a ROC for remote inter- 
connection. 

Preferred spacing for the light omitting and 
light detecting oJemonts In DOC 501 can bo cho- 
cs sen based on the .type of optical fiber used In HOC 
506. For example, a 250 micron spacing would 
work well with the standard fiber optic cable re- 
ferred to herolnboforo. 

It should bo apparent to thoso skilled in tho art 

30 that ROCs comprised of the aforementioned end- 
plates, fibers, etc., may be used In conjunction with 
DOCs Incorporating imaging devices other then 
lenslets (examples of which ere described In detail 
hereinafter) so long as tho ROC fibers can bo 

as aligned and hold in placo over the light emitting 
and light detecting locations of tho DOC. 

The DOC and ROC described hereinbefore in 
tho conioxt of tow speed applications can also be 
used for very high speed (Gblt/s range) appJlca- 

40 lions if the receiver and LED are designed tor very 
high data rates. For example, laser arrays could be 
usod instead of LED arrays to facilitate high fre- 
quency modulation. IMSM-MESFET receivers 
could be used to accommodate high end (Gblts/s 

4) range) applications. Tho Invention Is not Intondod 
to be limited to tho low speed applications dis- 
cussed hereinbefore which wore set forth for Illus- 
trative purposes only. 

The DOC structure that includes lenslets as an 

so Imaging device, described in detail hereinbefore 
with reference to FIGs. 2-4 , solves many of the 
problems associated with oloctromochanical con- 
nectors. However, an alternative connector struc- 
ture Is sot forth hereinafter which relaxes the align- 

55 ment constraints and Improve? on certain other 
shortcomings essoleaied with a lenslet based en- 
ergy transfer media. An example, of these shor- 
tcomings is that lenslets usually have a focal length 
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of several hundred micrometers and as a result 
optical crosstalk can occur as the lenslots colloct 
Dght rrom adjacent LEDs, 

An alternative embodiment of Iho irrvonlion 
which does not utilize lenslets and addresses tho 
aforementioned shortcomings, Is depleted In FIG. 
6. FIG. 6 shows Imaging fiber optic plales (IFPs) 
601 and 602, typified by IFPs manufactured by 
Galileo Electro-op lies Corporation, affixed to iho 
body of the a Ho math/ a connector structure Imme- 
diately abovo the LED and detector arrays. 

Tho IFPs can be affixed to tho connector body 
by. for example, UV cure epoxy. The epoxy Is 
shown In FIG. 6 disposed at locations 603 and 804. 
Other means of attachment such aa "press billing", 
soldering, thermally cured epoxy. etc can bo used. 
The top and bottom half of the connoctor are 
labeled 605 and 606 respectively. The detector 
chip array and LED chip array In top half 605 are 
labeled G11 and 61 2 respectively. The LED chip 
army and dotoctor chip array In bottom half GOG 
are labelod 613 and 614 respoctlvely. 

Platos 601 and 602 typically consist of a fusod 
assembly of step-Index fibers which transmit light 
along Ihe axis of the plato but prohibit light from 
scattering within the piano of me plate. Each fiber 
is typically less than 6 um In diameter whllo the 
LED Is typically on the order of SO um or greater. 
Bocauso the plate can bo affixed very dose to tho 
LEDs and detectors, moro than 50% of the emitted 
light can be delivered to the detectors If two IFPs 
of MA or about 1 are used (such IFPs are commer- 
cially available). 

Since the throughput is much greater than lhat 
of the lenslel schomo, the LED drive current can 
be reduced, thereby prolonging LED II le and reduc- 
ing on-chip oloctricat crosstalk. 

Furthermore, since the fiber optic plato can be 
placed arbitrarily close to tho omlttora and detec- 
tors and transmits light only along the axis of tho 
Plata, optical crosstalk Is greally reduced rrom that 
or the lonslet scheme. Further yet, and or consider- 
able significance, Is mo tact that the liber optic 
plate nood not be aligned to the LEDs and detec- 
tors bocauso it consists of a continuous array of 
these small fibers. There Is no need to align tho 
Individual fibers to the emlllorc and detectors. Tho 
image or the LEDs is directly transmitted to tho 
corresponding array of detectors via these fibers, 
thus, only tho LED array need bo aligned with Iho 
detector army, casing mechanical tolerances and 
greatly simplifying the manufacture of the optical 
interconnect package. It Is also noted that the 1FP 
protects the delicate transmitter and receiver chips 
Irom mechanical forces and atmospheric corrosive 
effects in the samo manner as did the lenstet 
arrays, described above. 

In addition to the advantages set forth 
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hereinabove the IFP type of. connector can easily 
be transformed Into a remote connector by insert- 
ing a "flexible Image conduit" bctwoon tho two 
halves of the connoctor shown In FIG. 6. This type 

6 of fiber optic cable is also manufactured by Galileo 
Electro-optics Corp.. and would consist of a flexible 
fiber-op Uc cable terminated at bo Hi ends with a 
fiber plata similar to those used In the connector. 
By butting one end of the flexible Image conduit 

io against tho flbor plalo which comprises one hair of 
tho connector, and by butting the opposito ond of 
tho flexible Image conduit against the fiber plate of 
the remote connector half, a flexible parallel fiber 
optic fink can be established. Ught emitted from 

m the LEDs on one half of the connector would ba 
transmitted along the cable by those fibers which 
happened to overlap each LED (with each fiber 
boing much smallor than a LED). Tho light would 
then bo transferred to the 1 remote rocoivora. pre- 
ss serving tho imago and alignment of tho LEDs and 
receivers. Just as If tho fiber plates In tho original 
connection scheme had simply been thicker. Ca- 
bles up to several meters or more In length axe 
possible. The fiber cable Insertion loss would only 

25 be on Hie order or 50%. and would require align- 
ment tolerances similar to that required betwoon 
each hair of tho fiber plato connector. However, it Is 
noted that in cortain applications, It may bo prefer- 
able to employ the array of standard commuriica- 

30 Hon optical nbers previously described in connec- 
tion with tho lonslet ombodlment of tho DOC, 
based on cost and other factors. 

The alternative embodiment of tho invention 
depicted In FIG. 6 lea turns ease of alignment (tho 

35 fiber optic plate does not nood to bo alignod with 
anything although tho opposing dotoctors and 
LEDs must still be aligned), low optica! crosstalk 
and Increased collection efficiency (highor optical 
throughput) compared with lsnslet based DOCs, 

40 and Is easily convened to a highly parallel, easily 
aligned remote connector. 

Using IFPs as the energy transfer media In a 
DOC, Die Imaging efficiency or throughput can be 
expected to be such that more than 50% ol the 

45 light emitted Is Imaged to the dBtectors. As for 
crosstalk, stray right Imaged through two fiber 
plates falls off to less than 5% by 50 um hence, 
crosstalk is minimal and a pitch of approximately 
75 um Is possible. No alignment of the Imaging 

50 elements Is needed since tho fibers, as Indicated 
hereinbefore, are typically loss than 6 U-rn in diam- 
eter (and oven as little as 3 Um in dlamotor) whire 
tho diameter ol an LED Js approximately 50 um 
Additionally, tho IFP alternative Is low In cost hlgh- 

5* ly stable (being fabricated using glass), hermetic 
and reGable. 

While the alorestated features make the IFP 
approach to fabricating a DOC very attractive, thorn 
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are still applications whoro it is Important to accom- 
plish objectives not readily attainable) utilizing either 
IFPs or lenslets to fabricate a DOC. Far example, 
there are applications whoro It Is Important to virtu- 
ally eliminate the potential for crosstalk. It may also 
be Important to roduco tho cost by replacing the 
IFP by Q;|os3 oxponsive device. 

As indicated hereinbefore, IFPs permit approxi- 
mately 5Q% transmission of light A high proportion 
of this loss originates In the interstitial glass be- 
tween the fibers, Into which light can pass directly 
from the LED or by scattering from Imperfections In 
the fibers. To prevent this light from leaving the 
exit aide of tha IFP, It is customary In Imaging 
applications to coat oach fiber with a thin absorbing 
layor (EMA. extra-mural absorber) or to Nil a portion 
of the Interstitial region with special light absorbing 
glass. Tills measure is nocossary to prevent optical 
crosstalk: II would also be needed In many applica- 
tions where certain embodiments of the invention 
could bo used to suppress optical crosstalk. 

Another alternative embodiment of tho inven- 
tion employs an "energy transfer fiber plate" 
(ETFP) constructed of flbors having the same (or 
slightly larger) diameter as that of the LEDs and 
tho samo (or stighly smaller) diameter as that of 
tho detectors, as the DOC energy transfer media. 
This alternative DOC structure which includes an 
ETFP Is depleted In FIG. 7„ 

FIG. 7 shows the top and bottom half of a DOC 
where tho support for the top hail Is labeled 701 
and the support for the bottom half is labeled 702. 
The LED and detector chip arrays 703-706 in FIG. 
7 correspond to arrays 611*614 respectively In FIG. 
8. 

Instead of an IFP being joined to each connec- 
tor half, arrays of light guides [or wavoguidos). 
such as light guide 715. are shown Included in 
ETFPs 720 and 725. Each light guide is aligned 
with an LED or detector as shown In FIG. 7. 

Using an arrangement such as the one de- 
picted In FIG. 7, arrays or fibers of the order of 50 
to 10D urn In diameter would be required instead of 
the approximately B urn libers used to fabricate an 
IFP. According to a preferred embodiment of tho 
ETFP, step-index fibers could bo used with a largo 
difference between the core and cladding Indices 
so that an NA of about 1 results. For NA of ap- 
proximately 1, an Index til Hero nco of about 20% 
may be used, as contrasted wILh a transmission 
1ibor having an NA of about 0.2, which has an 
index difference of only about 1%. 

A greater energy transfer erncfency than the 
IFP results because no light can ontor tho intersti- 
tial region directly from the LEDs, and because the 
proportion or Imperfection caused scattering from 
tho periphery into tho interstitial region should be 
much less. The interstitial region in an ETFP can 
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be very thick, on tho prdor of 100 micrometers or 
more, as compared with tho thin EMA coating of a 
micron or so. As as result of these factors crosstalk 
may be considerably reduced, 
s A tradeoff when using ETFPs versus IFPs Is 

that tho tochnlquos usod for fabrication of conven- 
tional IFPs are not easily adapted to fabricating 
ETFPs. This is because of the need tor accurato 
positioning of the fibers. It may be possibfo to 

ro position libsrs in a jig, then anchor thorn in place 
with a comont or frit glass. However, the ETFP 
might mora easily bo fabricated (at a lower cost) 
using specially mado optical wave guides as an 
alternative to flbor glass. The array of wave guides 

is could bo formod from polymers on a suitable 
smooth hard substrate by techniques which are 
well known In the art (see F. Zernlke "Fabrication 
and Measurement of Passive Components". Chap- 
ter S In Integrated Optics, T. Tamir, Editor 

20 (Springer Verlag, New York iBTfl)). A very effective 
method of fabricating the waveguide array needed 
for Ihe ETFP may Involve lite use of photosensitive 
polymers which can bo used with standard lithog- 
raphic techniques to moke stop-indox polymer op- 

2s Ucal guidos as described in copending patent ap- 
plication serial no. 07/495,241, filed March 16. 
1990, horoby Incorporated by reference. Tho later 
fabrication method offers the unique characteristic 
of nearly square erase section of tho waveguides 

30 because of the high aspect ratios achievable there- 
by. 

The characteristics of these waveguides are 
low loss << 0.3 dB/Cm), low crosstalk, high aspect 
ratio, and high environmental stability (optically 
as clear up to 235 dagroos C). Such wavoguidos olfor 
all ol tho advantages of a glass-fiber based ETFP. 
In additon, they can be used to build substrate 
independent multllayor planar structures with tho 
resolution and alignment tolerances obtained by 
40 standard lithography, thereby eliminating the prob- 
lem ol positioning and fixing of fibers into a Jig. At 
the same time the optical waveguide ETFP pro- 
vides a durable, protective coating for sensitive 
receiver and transmitter chips as well as their elec- 
ts trical Interconnects. 

Several schemes are possible for implementing 
such an ETFP based on oplicai waverguldes. Suit- 
ably high numerical apertures (NA) can be ob- 
tained for example, by using epoxlos (with refrac- 
so live index ca 1.6) as the light guiding region and 
mothacrylalos (with refractive Index ca. 1.4). Tho 
polymer can be coated on a suitable substrate to 
tho desired thickness and then be patterned. Tho 
patterned structures can then be diced or cleaved 
55 into the appropriate lengths. Tlisese patterned 
waveguide sections can then bo placod "on edge" 
onto oach half of Iho connector and serve as the 
ETFP. 
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An advantage of using waveguide s In a DOC 
lion in the ability to toper the waveguides. A rela- 
tively narrow waveguide could be provided at the 
LED and dolocior Interfaces, but the wavoguide 
could taper to a larger diameter at the connector 
Interface. By this means the aJIgnment tolerance of 
half-connector to the mating hall-connector could 
be substantially increased. Again, it Is noted that 
the ETFPs protect the underlying transmitter and 
receiver chips by acting as a shlold from mechani- 
cal impact and as o part of a hermetic seal. 

The invention further contemplates the use of 
ROCs In conluncUon with DOCs that Include 
ETFPs. It Is possible to fabricate the ROC. as 
indicated hereinbefore, using on array of commu- 
nications libers as previously described. 

This embodiment of the Invention, focusing on 
ROCs per se. contemplates fabricating the ROC 
from standard fiber optic transmission cable, such 
as fiber optic ribbons. Such an ROC would have 
the advantage of being compatible with tho cable 
used In olher dole transmission applications. The 
aforementioned ribbons are commercially available, 
for examplo from ATAT. and are comprised of a 
linear array of connected flexible fibers on 250 urn 
confers, which can bo purchased with from 2 to 06 
fibers por ribbon. 

The use of those mulllmode fibers would elimi- 
nate the potential for cable crosstalk. With appro- 
priately powered LEDs, the fiber ribbons would 
permit transmission to distances of several lens of 
motors at several hundred Mblt/s. It is suggested, 
in those embodiments of the Invention In which 
oach half of a DOC contains an ETFP. that the 
ends of a ROC connector bo made to male specifi- 
cally to the ETFPs. 

Since optical waveguides can easily be de- 
signed so as to carve as fan-out structures, this 
form of ETFP would allow close spacing of optical 
devices (thereby minimizing cost) and suitable In- 
terface to floors. These fibers can be the standard 
glass rtbbon fibers referred to hereinabove, or plas- 
tic ribbon fibers which are suitable only for short 
distances because of their high attenuation, but are 
comparatively cheap. 

Those skilled In tho art will readily appreciate 
that advantages of the ETFP over the standard IFP 
aro obtained at tho price or tho necessity of align- 
ment. However, tho required alignment can be 
achieved in applications whoro the ETFP and/or 
transmission coble aro used. 

Far any of the previously described embodi- 
ments of the DOC, it wilt be necessary to provldo 
mechanical alignment guides (for examplo. by pins 
In holes) so that the LEDs In ono halt of a DOC are 
In fino with the detoutora of tho olher half of the 
DOC. It is therefore dasirablo to provide an align- 
ment schemo which keys the position of the LEDs 



and deloctors to theso mechanical alignment 
guides. 

A simple schemo for such alignment Is set 
forth hereinafter, which can easily be extended to 

s Hie alignment of the ETFP, is based on tho princi- 
ples of the alignment of fiducial marks (the princi- 
ples of tho alignment of fiducial marks for passive 
laaer-rlber alignment ore set forth In copending 
application serial no. 542,271 , filed Juno 22. 1930. 

to corresponding to IBM Docket No. YO99O-0OS, 
hereby incorporated by reference). 

The alignment scheme referred to assumes 
that each half of a DOC Includes a base (like base 
702 in FIG, 7). which houses the LED and detector 

T5 chips (liko chip 705 and 708 In FIG. 7), and a 
cover, which housos the energy transfer medium, 
for example, an ETFP. It Is furUier assumed that 
tho cover and the base are each furnished wllh two 
precision bored holes which can be fitted with 

20 alignment pins for precision alignment of the two 
parts. 

These pins may be usod only temporarily dur- 
ing alignment, and withdrawn afterwards. When the 
alignment procedure is finished for each hair DOC. 

2* the cover and base can bo bonded togothor (by 
screws, cement, otc). It should bo noted that the 
same holes may subsequently bo used to ensure 
proper alignment of tho two halves of a (completely 
fabricated) DOC during plugging and unplugging 

jo operations. 

During the alignment procedure for each half of 
a DOC. the LED and receiver chips are first placed* 
In the base and readied for bonding to It. Then a 
glass alignment plate having special fiducial marks 

ss is used. Such fiducial marks could, for example, bo 
mado so that when the alignment plate is in proper 
juxtaposition to an LED or detector chip, a fiducial 
mark would circumscribe 1 each acUve element. I.e.. 
oach active LED or sensor region. A complete 

4Q alignment J!g consists of an alignment plate moun- 
ted tn a housing having two holes corresponding lo 
tho alignment holes In the base and cover. Using 
pins In the corresponding holes of tho allgnmont Jig 
and tho base, the alignment Jig Is lowered until Us 

4a fiducial marks are essentially In contact with those 
on tho chips, and the chips are then maneuvered 
until tholr actlvo areas line up as viewed with a 
mlcrocsope. The chips can then be bonded, e.g., 
with opoxy or solder. Those skilled In tho art will 

co readily appreciate that this procedure may bo usod 
no maltor which energy-transfer medium lo usod, 

ETFP alignment can bo carded out In a similar 
manner. Tho ETFP is first loosely positioned In tho 
cover or a given half DOC. An alignment Jig Is then 

cs put into juxtapostian with lite cover using alignment 
pfns, and the ETFP is thon manipulated Into posi- 
tion so that tho fiducial marks on tho alignment 
plate line up with the waveguides (or fibers) on the 
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ETFP. Tho ETFP ic ihon bonded to the cover wlih 
a suitable cement. 

Jn the final operation, tho cover la bonded to 
tho base of oach halt DOC, again using alignment 
pins. Each half DOC or each connector is aligned 
In a similar fashion, thereby guaranteeing complete 
alignment of LED-uxtetactor whon on IFP la used, 
and LEDj-ln-wavegulde-lo-detector when en ETFP 
is used. * 

Those operations may be carried out under 
robotic control, using pattern recognition tech- 
niques. In. this case the fiducial marks may bo 
ciorod in computer memory as "sort" fiducial 
marks, so that the manipulation of a physical align- 
ment Jig Is not necessary. 

For the ROC used In conjunction with an EFTP 
DOC hair, it Is nocessary to construct a connector 
which mechanically aligns to tho DOC hair in such 
a fashion that the fibers In the cable are in the 
correct position rolatlvo to Ihe waveguides (or fi- 
bers) In tho ETFP. Here, It is assumed that a 
"ribbon" cable of fibers Is used. Such ribbons are 
commercially available (e.g. Corning Glass Works) 
and consist of a multiplicity of Individual iibors 
which are In a single row. packod sido by side. 
Since the outside Jacket dlamotor of the individual 
fibers are tightly controlled, and since the fibers are 
tightly packed. jackol-lo-jackoL tho cenlep-to-center 
spacing is also well controlled (typically 250 mi- 
cromotors). (Soo M. J. Saunders and W. L. Par- 
ham, Boil system Technical Journal. Vol. 58, p. 
1013-1014 (1877)). The fabrication could, lor exam- 
ple, proceeds as Follows: Tho stripped ends of the 
Iibors of the ribbons comprising lha fiber cable are 
first inserted into holes In a special Jig. All tho 
fibers are ihon fixed In placo by potting Ihem In a 
suitable plastic. A ROC housing with preattaehed 
alignment pins is then bonded to the potted fibers, 
using holes In the same Jig lor postloning of those 
pins. It should bo noted that tho alignment toleran- 
ces needed here are on the order of about lo urn 
this Is in contrast with tolerances of 1 urn which 
are required for laser-single mode fiber allgnmont 

The ROC could be used within equipment 
where flexibility is required, e.g., for connecting 
print heads or recording heads to driver dovicos In 
printers and disk drive assomblios. 

Suppose now it la desired to use not fiber 
ribbons, but o collection of individual fibers for the 
ROC. For this purpose, another embodiment of the 
Invention contomplotos tho use of a locating plate 
to attach and align optical libers for applications 
whoro a number of fibers arc used In parallel, e.g., 
for ROCs and sensors. In particular, a rnothod will 
be described hereinafter lor making an array of 
fibers held rigidly at each end of a long bundle, but 
floxiblo in between, and for aligning the array to a 
device or fiborplate at each end. 



Tho method contemplated by this alternative 
embodiment of Ihe Invention Involves making an 
ROC out of a flexible array of fibers which Is held 
ridgidly at each end of the bundle by, for example. 

5 an end plate. The process Involves aligning of the 
anay of fibers with the light emitting and light 
dotocting locations in Ihe connectors mating with 
oach ond of Ihe ROC- The process comprises the 
steps of (1) punching an endplato for the ROC to 

70 provide locating holes Into which tho Iibors can bo 
inserted; (2) Inserting tho libers Into the locating 
holes; and (3) holding tho fibers in placo to form an 
endplate whero the flbors aro allgnod with tho light 
emitting ond light detecting locations in tho device 

is to which the ROC is to bo connected. 

Aflor Insertion, the fibers could be hold m place 
by quick curing or UV curing a poxy glue, and later 
given a moro permanent fixation. Assembly could 
bo carried out with the endplate held to a polished 

SO surface, giving good vertical alignment of the fi- 
bers, which would bo pre cut to have flat, smooth 
ends for optical Interfacing. For sensor and prtn- 
thead or recording head interconnections, the over- 
all number of fibers would be modest, of order 1 8- 

25 20, so that assombty by hand using a micro- 
manipulator should bo rolalivoly rest For dovico. 
interconnection, whore 100 or more fibers would bo 
noodod, an automated assembly process Is con- 
torn plated. 

90 Aftor assembly of the endplates, tho flexible 

portion of the cable would be suitably packaged 
(e.g., In a flexible sleeve ol polymeric material) and 
the ends could be mounted as desired. They could 
bo pormanontly cemented to a chip with exposed 
ss detectors and/or LEDs using UV cure epaxy. alter 
location by means, of fiducial marks on the ond- 
p/aio and chip. In certain applications, it would bo 
doslrabfo far the Inner face of the ondplaios to be 
coaled with a light absorbing surface layer to mini- 
ma mteo scattering of stray light. Attachment to a fiber- 
plate could bo accomplished via the fiducial mark 
on the chip below the plate being Imaged at the 
top of the piste. This Image could be used for 
alignment to the chip below. For removable attach- 
45 mcnt, the endplate could be supplied with a preci- 
sion molded lip, much like the lip on a freezer 
container, during the injection molding process. 
The punched holes would be located with respect 
lo this lip. and tho fiborplato. ground to match tho 
so lip. would be located on tho chip ond attachod. so 
that the endplate would have tho proper allgnmont 
whon snapped on. This would be particularly useful 
for assombly and rowork of aroa array connectors. 
FIG. fl depicts the assembly contemplated by 
sa this aspect of the Invention. In particular, FIG. 8 
depicts endplate B01, locating lip BQ2, and a plural- 
ity of openings (for example, oponings B03 and 
004) for holding and aligning fibers (like fibers 805 
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and 8DG) over the light omitting and light delecting 
locations BIO and 8H. The Images lor devices B10 
and 811 are shown at 812 and 813 respectively, 
and appear at the top of flberplelo 825. 

Alternate embodiments of the invention con- 
template the uso of other alignment means, tor 
example, a sliding mechanism or pins. Instead of or 
In addition to locating lip B02. to properly position 
endptate 801 over a sensor or onorgy transfer 
dovice (far examplo, lensfet array, flberplate, etc.). 

Endplaies like endptate B01, can bo manufac- 
tured from polyimldes. silicone, epoxJes. or thin 
metal shoots; in principle, any shoot material with 
suitable properties could be used, so long as trio 
material la chosen to match parameters of the 
substrate (e.g. thermal coefllclent of expansion). 

The holes can be punched or drifted. Eqirip- 
mont is commercially available to do this with the 
required accuracy on a manufacturing basis. In 
fact, one alternative is to hold all the fibers In a jig 
plalo with appropriate holes, heat up the bottom of 
the fibers, and punch the polymeric shoots using 
the hot fibers es punches. If tho outer surface of 
Iho fibers can bo coated with a heat activated 
adhesive, this would provide punching. Insertion, 
end rotontion In a single step. Aflor this step, tho 
bottom of the fibers would bo polished to expose 
the optical ■ malarial. For motal layers, punching 
would be preferable because of cost, reliability, and 
ease of operation. Several plates could be overlaid 
and gang punched at tho same time, aiding In 
registration of a connector assembly. To aid In fiber 
insertion, conical punches, drills, or chemical etch- 
ing can bo used. In fact, holes can bo patterned 
using standard photoresist techniques and etched 
for some applications. A further method of manu- 
facture would bo molding, m which the holes would 
bo provided by cores In tho master mold, For 
some applications, plastic Injection molding might 
have sufficient accuracy. 

What has been described ore molhods, ap- 
paratus and manufacturing processes meeting alt 
of the oblecllvos sat forth hereinbefore. Those 
skilled In the art will recognize that the foregoing 
description has been presented for the purposos of 
Illustration and description only. It is not Intended 
lo be exhaustive or to limit tho invention to the 
precise form disclosed, and obviously many modi- 
ficetions and variations ore possible in light of the 
above toaching. For example, light modulating de- 
vices, such as spatial light modulators, may be 
used In placed of light emitting devicos within all of 
tho Interconnect structures described hereinbefore 
without departing from the spirit or scopo of the 
invention. 

The embodiments and examples sot forth hero- 
in were presented in order to best explain the 
principles of the Instant Invention and its practical 



390 A2 20 



application to thereby enable others skilled in tho 
art lo bost utilize the instant invention in various 
embodiments and with various modifications as are 
suited to the particular use contomplatod. 

5 

Claims 

1. An apparatus for transmitting and receiving 
electrically transmitted data, comprising: 

10 a) a first member (2D1) that Includes at least 

ono light emitting device (202): 

b) a second member, adapted for rod usa- 
ble connection with said first member, that 
Includes at least one ligltt detecting device 

is (205) that Is aligned with said at least one 

light omitting device (202) to form at reast 
one device pair whenever said first {201) 
and second member are connected: and 

c) an energy transfer media (210) Inter- 
so posed between the dovlcos (202, 205) of a 

given device pair to form an optical commu- 
nication channel Ihorobotwocn, whoroln said 
media (210) Is comprised of at least one 
lonslet which is used for Imaging light bo- 
as tween said devices (202. 205) using air as 
the propagation medium or of at least ono 
plurality of optical Imaging fibers forming a 
direct optical connection between said de- 
vices wherein the diameter of each fibor is 
so small enough to permit its onds to bo posi- 
tioned against said devicos without align- 
ment or of at toast one waveguide that 19 
aligned with said devices forming a direct 
optical connection iherebetweea 

as 

2. Apparatus as set rorth in claim 1 wherein said 
first member (201) further comprises at feast 
ono light detecting device (203): wherein said 
second member further comprises at least one 

40 light emitting devlco (204) that la aligned with 

said at least ono light detecting device (203) 
Included In said first member (201) to form at 
least one additional device pair whenever said 
first and second membor aro connected; end 

45 further wherein said onorgy transfer media 

(210) I? comprised of at loast a second lenslet 
or at least a second plurality of optical imaging 
fibers or at least a second waveguide which is 
interposed between tho dovlcos (203. 204) of a 

go given additional dovico pair to farm an optical 

communication channol therebetween. 

3. Apparatus as sot forth In claim 1 or 2 whorOin 
a plurality of said Icnslets are fabricated as n 

55 lonslot array or a plurality of said optical imag- 

ing fibers are fabricated as a fused imaging 
fiber plato {IFP) or a plurality of 3ald 
wavoguidos are phololtihographlcally fabricated 
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as an energy Uransfor fibor plale (ETFP). 

4. Apparatus as set farih in any of the preceding 
claims 1 to 3 wherein said lonslol array cam- 
prising a Icnslet doublet (304. 305) of said IFP 
or said ETFP is carried as part of tho structure 
of one or said first (201) and second mombers. 

5- Apparatus as sot forth in claim 4 whoroln one 
half of said lens lot doublet (304. 305) is carried 
on each of said first and second members 
(301, 302) with the plana of separation be- 
tween each half of said doublet (304, 305) 
being positioned so as to align tho lenslets on 
each half when said first and second members 
(301 , 302) arc connected and wherein said IFP 
or ETFP Is fabricated in two parts with the first 
part of said IFP or ETFP being canted as part 
of the structure of said nrst member and with 
the second part of satd IFP or ETFP being 
carried as part of the structure of said second 
mombor. 

6. Apparatus as sot forth In any of the procoding 
claims 1 lo 5 wherein said first and second 
members (301, 302) are modular. 

7- Apparatus as set forth In any of the preceding 
claims 1 lo 8 furthor comprising at least ono 
aperture) array interposed betwoon said at least 
one light emitting device (202) and said energy 
transfer media (210)- 

B. Apparatus as set forth In any Of tho preceding 
claims 1 to S further comprising at least one 
aperture array Included as part of said enorgy 
transfer media (210). 

9. An apparatus for transmitting and receiving 
light comprising: 

a) an array of light emitting devices (202): 

b) an array of light detecting devices; 

c) a support member (320) having said ar- 
ray of light omitting devices (202) and said 
array of light detecting devices mounted 
thereon; and 

d) an energy transfer medio (304, 305), 
combined with said support member (320) 
and disposed over tho arrays mounted 
thereon, to transmit light emitted by said 
light emitting devices (202) and to focus 
light onto said light detecting devices. 

10. Apparatus as set forth in claim 9 wherein said 
energy transfer media (304, 305) further com- 
prises a lenslot array or a fused imaging fiber 
plato (IFP) or an energy transfor fiber plate 
(ETFP). 



11. Apparatus us set forth in claim 0 or 10 further 
comprising moans for channelling light to and 
from remote locations, wherein said means for 
channelling light Is Juxtapocod wilh said energy 

6 transfer media to rorm a remote optical con- 

nector (ROC). 

12. Apparatus as set forth In any of the preceding 
claims 1 to 11 wherein said at Jeast one light 

10 omitting device (202) or said array of light 

emitting devices Is comprlood of a light omit- 
ting dloda (LED). 

13. Apparatus as set forth In any of tho procoding 
is claims 1 to 12 wherein said at Joast ono de- 
tecting device (205) Is comprised of a com- 
bination preamplifier and receiver. 

14. A remote optical connoctor (ROC), for use in 
20 combination with apparatus for transmitting 

and receiving light, wherein said apparatus 
comprises en array of light omlLUng devices 
(810), an array of light detecting devices (an), 
a support member having said array of light 
z5 omitting devices (BIO) and said array of light 

detecting devices (611) mounted thoreon, and 
an energy transfer media, combined with said 
support member and disposed ovor the arrays 
mounted thoroon. to transmit light emitted by 
so said light emitting devices and to focus fight 

onto said right detecting dovicos. comprising: 
a) means for channelling (BOS. BOB) light 
betwoon said apparatus for transmitting and 
receiving light and a remote location; 
35 b) means for aligning (603. 604) said means 

lor channelling (805. BOB) wilh said light 
omitting (B10) and light delecting (811) de- 
vices; 

c) means for affixing said moans for chan- 
ge nelllng to said moans for aligning; and 

d) moans for combining said means for 
aligning (Q03. 604) wilh said energy transfor 
media. 

43 1B. Remote optical connoctor as set forth in claim 
14 wherein said moans for channelling com- 
prises a flexible bundle of Imaging fibers (605, 
606) or at least one wavoguido. 

so 16. Romolo optical connector as set forth in claim 
14 or 15 whoroin said means for aligning com- 
prises an ondplato (B01) including at least one 
opening (803. 804) Into which said means for 
channelling (8D5, 606) can bo inserted and 

59 held In place. 

17. A process for manufacturing a remote optical 
connoctor (ROC) from a flaxiblo array of fibers, 
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(or use In combination wilh apparatus for trans- 
mitting and receiving light, wherein said ap- 
paratus comprises an array of light emitting 
devices (810). an array of light detecting do- 
vices (611). a support member having sjild s 
array of light emitting devices (610) and said 
array of light delecting devices (311) mounted 
thereon, and an energy transfer madia, com- 
bined with said support member and disposed 
over the arrays mounted thereon, to transmit to 
light omitted by said light emitting devices and 
10 focus light onto said light delecting devices, 
comprising Iho steps oi: 

a) punching an ondplato (801) to provide 
locating holes (803. 604) Into which said 75 
fibers (BD5. BOB) con be Inserted, wherein 
each hold Is punched in lino wilh one of 
said tight emitting devices or one of said 
light detecting devices; 

b) Inserting said floors (805. BOO) Into said . so 
locating holes (803. 804); and 

c) affixing to said ondplate (801). tho fibers 
(805. 60S) Inserted according to stop (b), to 
form a rigid endp late/fiber combination that 
aligns each of said fibers with one of said 35 
emitting or detecting devices when tho 
combination is coupled to said apparatus for 
transmitting and receiving light. 

18. TJw process as set forth In claim 17 further w 
comprising the stop of fabricating a mating lip 
(002) on the edges of said endplate (801) far 
coupling lho ROC to said apparatus for trans- 
mitting and receiving llghL 
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